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Fig. 58-9 Effect of vehicle on the permeability constant
of the alcohols (From Scheuplein and Blank. 1971)

has an affinity for both water-soluble and lipid-
soluble compounds. The bifunctional solubility of
the tissue arises from its inherently mosaic, fila-
ment-matrix ultrastructure which allows aqueous
and lipid regions to exist separately. This structure
and its unique, encompassing solubility character-
istics cannot adquately be duplicated over the full
range of polarity by any single solvent. However,
butanol and SO-SO mixtures of ethanot-water ap-
proximate the solvent character of the stratum cor-
neum fairly well; and when lipophilic substances
are applied from these vehicles, KMV values are
not too different from unity and preferential solu-
bility effects are minimi/ed. These principles are
illustrated further by the data in Table 58-2 in
which the permeability constants of the same mol-
ecules in different vehicles are compared. It is evi-
dent that the influence of vehicles can be enor-
mous: p-cthylphenol, a very lipophilic substance
penetrates 4000 tunes faster from water than from
95% ethanol; N-nitrosodiethanolamine, a water-
soluble substance, penetrates 200 tunes faster from
isopropyl myristate (olive oil) than from water.

It is evident from equation (13) or (IS) that
diffusional resistance of the stratum corneum (Ru)
decreases as Kuv increases while the resistance
of the stagnant, aqueous tissue layers RT remains
unchanged. If Kuv is increased by adding more
methylene groups, eventually the diffusional resis-
tance of the stratum corneum (R») will decrease
to a point where RT is comparable. At this point
(approximately at Cio for the alcohols), the aque-
ous tissue layers become rate limiting and further
increases in lipid character do-not increase pene-
tration (Yalkowsky & Flynn, 1973; Scheuplein,
1978).
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ELECTROLYTES

Electrolytes applied from aqueous solution do not
penetrate the skin readily. The ionization of a weak
electrolyte has long been known to radically de-
crease its permeability; the much greater perme-
ability of salicylic acid than sodium salicylate has
often been discussed (Malkinson & Rothman,
1963). Quantitative data are scarce since very few
ionic permeability constants have been successfully
measured. Tregear (1966) lists only sodium, potas-
sium, bromide (Wahtberg, 1965, 1968a, 1968b),
and aluminum ions and all these permeability con-
stants are approximately the same (he., kp =* 10~*
cm h~l). The penetration rates of sodium and
bromide ions through excised skin are not signifi-
cantly different from their counterparts in viva.
Wahlberg has compared the relative penetration
of ten ionic compounds through live guinea pig
skin; he finds little or no differences in their relative
permeabilities (Wahlberg, 1965, 1968*, 1968b).
The permeability of chromium compounds
through isolated epidermis was studied by Samttz
et aL (1967), and surprisingly large fluxes and lag
times of approximately 4 h were obtained. -

These data are insufficient to provide a base for
understanding ionic permeability through skin.
Two obvious facton would tend to decrease ionic
mobility within the tissue: (1) the stable hydration
sphere around an ion that makes'it. virtually a
polyhydroxylic ion and a much larger diffusing
unit than a water molecule; and (2) the charge
on the ion that is capable of interacting with
colons, counterions, and fixed charges in the tissue.
The first factor makes it likely that is the absence
of a potential gradient, no ion will penetrate faster
than water itself and very likely much slower.
Much more work is needed in this area particularly
on the effect of ion size, degree of hydration,
charge, and potential difference on permeability
before the physics of the diffusion process can be
understood. Because the overall rate of ionic trans-
port is low and seems to be nonselective, shunt
diffusion through the appendages probably plays
a very significant role. The relative rapid transport
of histamine, charged dyes, and ferrous ion into
skin by electrophoresis is almost certainly the re-
sult of permeation through the appendages
(Abramson, 1940, and Gorin, 1940; Konecng,
1968).

V



Copyright © 1983 by Oxford University Press, Inc.

Library of Congress Cataloging in Publication Data
Main entry under title:

Biochemistry and physiology of the skin.
Bibliography: p.
Includes index.

1. Skin. 2. Biological chemistry. I. Goldsmith,
Lowell A., 1938- [DNLM: 1. Skin—Physiology.

WR 102 B61S2]
QP88.5.B5524 1982 616.5 82-12S71

ISBN 0-19-261253-0 (set)

Printing (last digit): 9 8 7 6 5 4 3 2 1

Printed in the United States of America



Biochemistry
and

Physiology
of the Skin

Edited by
LOWELL A. GOLDSMITH, M.D.

James H. Sterner Professor of Dermatology
Chief. Dermatology Unit

University of Rochester School of Medicine and Dentistry

New York Oxford
OXFORD UNIVERSITY PRESS

1983


